





































































































Figures 19 and 20 show how the average clay and loam In infiltration times changed over
time across the five SAR levels, while Figures 21 and 22 show how these same
infiltration times changed across the two EC levels, respectively. Based on the
multivariate tests in Table 13, the patterns shown in Figures 19 and 22 can be considered

- statistically distinct, The SAR related interaction pattern shown in Figure 19 for clay soil

strongly suggests that the SAR effects (on the In infiltration time) tended to become more
pronounced over the course of the 2004 experiment. This is confirmed by the high Time
x SAR significance level for clay soil in Table 13. In contrast as seen in Figure 20 (and
Timex SAR non-significance in Table 13) the In infiltration and SAR interaction for loam
soi] did not significantly change over time.

The time dependence issue is critical to discussion as to whether or not SAR or EC
effects become more pronounced over time. We saw a significant time interaction for the
clay but not the loam soil. The EC related time interaction pattern shown in Figure 22
does not appear to lend itself to any simple interpretation. In all instances the differences
from one time event to another are related to the specific moisture condition at the time of
the rain event. ‘

In most respects, the time averaged cropped soil ANOVA and regression models can
again be used adequately describe, quantify, and summarize the experimental data.
However, based on Table 13 and Figure 19, there also appears to be evidence that the
SAR related effects on the clay soil increased over time, and thus any inferences drawn
from the corresponding time averaged model with respect to SAR effects might also be
argued to be conservative.

Table 17. Individual sampling period ANOVA model sﬁ'mmai'y statistics and F-test
significance levels (overall model effect, EC, SAR, and EC x SAR interaction); cropped
experiment, clay soil data ‘

Statistic Period 1 Period 2 Period 3 Period 4 Period 35 Period 6

R-square 0.3977 0.4600 0.6106 0.7274 0.2144 0.5860
Root MSE 0.2401 0.4523 0.5657 0.4075 0.9718 0.3594

F-test significance levels associated with specified tests:

Overall 0.2265 0.1126 0.0096 0.0005 0.7772 0.0157
EC n/a n/a 0.6606 0.5156 n/a 0.2839
SAR ‘n/a . n/a 0.0015 0.0001 n/a 0.0022
EC x SAR n/a n/a 0.3293 0.6727 n/a 0.6351
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Table 18. Individual sampling period ANOVA mode] summary statistics and F-test
,significance levels (overall mode} effect EC SAR and EC x SARmtexactlon) cropped
experiment, loam soil data

Statistic Period1  Period2  Period 3 Perlod 4 Period5 Period 6
R-square 0,4439 0.2491 0.2537  0.6673 0.6938 0,3787
Root MSE 0.3330 0,2120 0.1203 0.1451 =+ 0.1218 0.2184

F-test significance levels associated with specified tests:
Overall 0.1369 0.6714" 0.6567 0.0026  ..0.0013 0.2720
EC n/a n/a n/a 0.0129 0.1518 n/a
SAR n/a n/a n/a 0.0006 0.0007 n/a
EC x SAR n/a n/a n/a 0.7910 0.0322 n/a
Salllype= Clay
Ln{ind 'nmeé

Sampting Perlod

Figure 19. Average In infiltration time interaction plot for cropped experiment, clay soil
data (plotted by sampling period); colored lines represent specific SAR levels.
!
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“Figure 20. Average In infiltration time interaction plot for cropped experiment, loam soil
data (plotted by sampling period); colored lines represent specific SAR levels.
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Figure 21. Average In infiltration time interaction plot for the cropped experiment, clay
soil data (plotted by sampling period); colored lines represent specific EC levels.
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Figure 22. Average In infiltration time 1nteract1on plot for the cropped. experlment loam
soil data (plotted by sampling period); colored lines represent specific EC levels.

Assessment of the SAR risk factors for rain infiltration

In‘these two experiments we define the'SAR risk factor as the degree in which the'In
infiltration time increases as the SAR level increases. These risk factors can be:
ascertained frorh the time averaged statistical results in one of two ways:

(1) by determining the first SAR level > 2 for which a statistically significant increase
“in the In infiltration time is detected (using the ANOVA modeling results), or = ..

) "by calculating the relative predicted percent increase in infiltration-time per unit
increase in SAR (using the estimates SAR parameters derived from the fitted-
regression models).

Using the- first approach Table 7 (bare soil experimenta]. data) suggests that ifno crop is
present then increasing the SAR from 2 to 4 significantly increases the In infiltration time
on the clay soil. Likewise, increasing the:SARfrom'2 to 6'significantly increases the In
infiltration time on the loam soil. In the presenceof a crop, (Table 14)-increasing the-
SAR from 2 to 6 significantly increases tkie In infiltration time on both soil-types:

Using the second approach, Table 9 indicates that the relative percent increase in
infiltration time per unit increase in SAR on a clay soil (without any crop cover) is
approximately 100[exp(0.062)-1]= 6.4 %. In the presence of a crop, Table 16 suggests
that the relative percent increase in infiltration time per unit increase in SAR 18
approximately 10.7 % for the clay soil and 4.1 % for the loam soil, respectively. Note
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that the relative percent increase is SAR dependent for a loam soil-type without any crop
cover, but appears to vary between 0 % (for SAR < 4) to a maximum of about 24 % (in
the SAR range of 5.5 to 6.5). In summary, the regression model predictions are that the
SAR increase from 2 to 4 increases the In infiltration time for clay soil under bare and
cropped conditions and for loam soil under cropped conditions, while for bare loam soil
the In infiltration time increases above SAR 4.

Laboratory measurements of hydraulic conductivity on undisturbed soil cores
Bare soil experiment

At the conclusion of each of the two rain-irrigation infiltration experiments, saturated
hydraulic conductivity experiments were performed in the laboratory, The hydraulic
conductivity results for the loam soil after the bare soil experiment are shown in Figure
23. Each point represents the mean of the three replicates. The data are presented in -
Appendix C. As noted in the Appendix clear outliers were removed from the plots, but
not removed for the statistical analysis. Each sample had water applied of the same
composition as it experienced in the field experiment. As can be seen there was a
consistent decrease in hydraulic conductivity with increasing SAR of the irrigation water,
The decreases in hydraulic conductivity were approximately 50% as the SAR increased
from 2 to 10. The samples from the EC=2 dS/m treatments had higher hydraulic
conductivity than did the samples from the EC=1.0 dS/m treatments.

As expected the hydraulic conductivity decreased with application of simulated rainwater
(of the same EC and composition as used in the outdoor container experiments). The
decrease in hydraulic conductivity with SAR relationship also is observed when all cores
were exposed to rain water (Figure 23).

' The.saturated hydraulic conduetivity of undisturbed soil cores taken at the end of the bare

soil experiment are presented in Figure 24. As with the loam soil there is increased
hydraulic conductivity at the higher EC level. There is a general trend of decreasing
hydraulic conductivity with increasing SAR. Large error bars are at least in part caused
by observed cracks in the clay soil. ’

The data were statistiéally analyzed using a 2-way factorial model without interaction,

. where the response data are the natural log transformed saturated hydraulic conductivity.

As shown earlier for the infiltration data and confirmed in this data set, there was no
interaction between salinity level and SAR for a specific soil type and irrigation or rain
event. Table 19 shown below shows the relevant statistical results.
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Figure 23. Satyrated hydraulic conductivity as related to SAR of applied water.
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Figure 24. Saturated hydraulic conductivft& as related to SAR of appliéd v"vé’ter
Undisturbed cores taken from clay soil treatments in rain- irrigation bare. soil field
experiment, :
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Table 19. ANOVA model summary statistics and F-test significance levels for both main
effects and specific SAR contrasts; undisturbed cores for 2003 bare soil experiment,
In(Ks) response variable

Clay Loam
Statistic Irrigation Rain Irrigation _ Rain
R-square 0.0520 0.3189 0.7162 0.6941
Root MSE 2.168 1.760 0.285 0.278
F-test significance levels associated with specific tests:
Overall 0.9286 0.1094 0.0001 0.0001
EC 0.3931 0.0366 0.0001 0.0891
SAR . 0.9656 0.2877 0.0014 0.0001
F-test significance levels associated with SAR contrasts:

2vs4 n/a n/a , 0.7597 . 0.5925
2vs6 n/a n/a 0.0923 0.0115
2vs 8- n/a n/a 0.0075 0.0003

2vs 10 n/a n/a 0.0003 0.0001

These results indicate that the In(Ks) measurements associated with the loam soil were
clearly affected by the changing SAR levels for both irrigation water and rain water
applications and by the change in EC during the irrigation event. Increasing SAR and
decreasing EC had an adverse effect on In(k). The individual SAR contrasts indicate that
significant differences (decreases in In(k)), are detected beginning at the SAR 6 level
(using 2 as a baseline).

For the clay soil we did not detect statistically significant differences in In (K) with
changing EC or SAR levels, despite the observed trends seen in Figure 24. The clay soil
had much greater variance as can be seen by comparing Figure 23 with Figure 24 and
confirmed by the almost 10 tenfold increase in RMSE for clay as compared to loam
shown in Table 19,

It should be noted that the power of these tests (for detecting significant SAR effects) is
weaker than the power achieved from a regression modeling approach. Hence, the
following multivariate linear regression model was used to analyze these data:

Ln(K) = B0 + BI[SAR] + B2[EC] + s.

where this model was applied separately by soil type to each event. Additionally, this
mode] was also used to analyze the differences in In(infiltration) rates (i.e., the
differences between the natural log transformed irrigation and rain event infiltration
data). Note that the ANOVA model permits the testing of individual contrasts, while the
regression model assumes strictly linear effects (if any) and allows for an estimate of
relative risk to be calculated.
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The regression model summary statistics, parameter estimates and t-test results for the
loam soil-type are shown in Table 20 (no results are shown for the olay soil-type since
these models were not found to be stat1stlca1]y significant). These résults confirm that the
increasing SAR levels resulted in- 1stlca11y significant linear decrease in In(Ks) in the
loam soﬂ-type during both the ittigafion and rain event. The linear riiodel suggests that
the increase in SAR from 2 to 4 would cause an increase in infiltr ation time (decrease in
infiltration rate) for the loam soil for both irrigation events and rain events and that we
cannot detect a change in infilration associated with SAR for the clay sbil,

Table 20, Regression model sumﬁiary statistics; SAR and EC param_etéf estimates,
standard errors, and t-test significance levels for the bare seil (2003), In(Ks) data
associated with the loam soil (by event)

Soil-type  Event R-square Variable Estimate Std.Errof Pr>|t]
Irrigation = 0.7081 SAR. -0.0902 0.0176 0.0001

Loam EC 0.6219 0.0994 0.0001
Rain 0.6787 SAR -0.1273 0.0174 0.0001

EC .0.1802 0.0982 . - 00777

Cropped soil experiment

The hydraulic conductivity results for the loam soil after the cropped soil experiment are
shown in Figure 25. Again, each sample had water applied of the same composition as it
experienced in the field experiment. As canbe seemrthere was a decrease-in hydraulie.~
conductivity with increasing SAR of the irrigation water. The samples from the- EC=2
dS/m treatments had higher hydraulic conductivity than did the samples from the EC=1.0
dS/mtreatments, and the hydraulic conductivity with the rain water was lower than,with
the irrigation waters. These results are similar to those obtained under the bare soil
experiment (Figure 23) only with greater variability, attributed to the presence of root
material and root channel in the samples from the cropped soil experiment.

Data for the undisturbed cores from the cropped plots were extremely variable due 1o
channels-arid soil separation around the roots,

The data-were statistically analyzed, again using the 2-way factorial model without
interaction, where the response data are the natural log transformed saturated hydraulic
conductivity, As before, these data have been analyzed separately by soil type and event.
Table 21 shown below shows the relevant statistical results. Note that only the EC=1
cores were run-for the clay soil type. '
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Figure 25. Saturated hydraulic conductivity as related to SAR of applied water.
Undisturbed cores taken from loam soil treatments in rain- irrigation cropped soil field
experiment.

Table 21. ANOVA model summary statistics and F-test signiﬁcancé levels for both main
effects and specific SAR contrasts; cropped experiment (2004) undisturbed soil cores,
In(Ks) response variable

. Clay Loam
Statistic Irrigation Rain Irrigation Rain
R-square 0.1311 0.2043 0.4826 0.4767
. Root MSE 1.140 0.903 - 0,519 0.603
F-test significance levels associated with specific tests:
Overall 0.8197 0.6448 0.0051 0.0057
EC 0.0009 0.0009
SAR 0.8197 0.6448 0.1195 0.1518
F-test significance levels associated with SAR contrasts:
2vs4 na n/a 0.1375 0.3484
2vs6 n/a n/a : 0.9376 0.3972
2vs 8 n/a n/a 0.6178 0.3238
2vs 10 n/a n/a 0.2345 0.1538

42



Based onthjs anal;
measurements w )
for the:loam sail: (Table 21) in _,he cropped e}lperv

the uncropped experiment (Table:19). However,ithe In eadings
~ loam soil-type were affected by the changing. BEC. levels durmg;both .events
specifically, the average In(Ks) levels appear to significantly increase as ithe
increases.

is we-capnot-detect a statistically.significan _ffeot of SAR on ln(Ks)

The regression model summary statistics, parameter estimates and t-test results for the
loam soil-type are shown in Table 22 (again, no results are shown for the clay soil-type
since these models were no‘c found, to be. statlstloally s1gn1ﬁcant) These results eonﬁrm
loam soil-type durmg both the 1rr1gat10n and rain event. These resulté also indicate that
the increasing SAR levels caused a significant decrease in the In(Ks) levels during both
events (p = 0.060 and p=0.036, irrigation and rail events, respectively), This linear
regression model predicts a decrease in the In hydraulic conductivity Wlth an increase
from SAR 2 to SAR 4.

Table 22. Regression model summary statistics: SAR and EC paraﬁ{?eter estimates,
standard errors, and t-test significance levels for the cropped soil experiment (2004)
In(Ks) data assomated with the loam soil (by event)

Soil-type  Event R—square. Variable Estimate Std.Error Pr>|t|

Irrigation 0.3925 | SAR -0.0671 0.0342 0.0602
Loam ‘ - : EC 0.7136 0.1935. 0,0010
Rain - 0.4203 SAR -0.0855 | O 0386 A0, 0356 ,

EC 0.8370 0.2185 10.0007

Laboratory measurements of infiliration on dlsturbed soil.cores

The infiltration rates of the d1sturbed 5011 cores as related to EC and SAR is presented in
Figure 26 for the loam soil. In these experiments soil at the native EC and SAR was
packed into columns and each of the 12 columns was equilibrated with a fixed EC and
SAR water composition. After stabilization of the hydraulic conductivity, the influent
solutions in all columns were switched to rain water. As seen in Figure 26 there was a
decrease in hydraulic conductivity with increasing SAR starting at SAR 2 versus SAR 4
at both EC levels. Similar results were obtained with the clay soil, as can be seen in
Figure 27. In both instances the hydraulic conductivity with rain water was much lower
“than with irrigation water, :

The results of these short- term laboratory hydraulic conductivity experiments are
generally consistent with the results from the long-term field infiltration studies and the
hydraulic conductivity measurements taken from the field experiments and run in the
laboratory. The procedure used in this disturbed soil experiment is comparable to the
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procedure used in the earlier laboratory experiments (McNeal and Coleman, 1966,
Frenkel et. al., 1978, Suarez et al., 1984), These column infiltration measurements
represent a type of repeated measurement data, where each column is measured twice
(first under the irrigation event, then under the rain event). The column measurements
are not replicated. The ANOVA and regression modeling results for this data are
presented in Tables 23 and 24.

250 ~ ' - ; ;
Packed columns

2001 Loam Soil -
- IRR e, '
% .
.g : conol el
E 1s0f RA,:] """"""""""""""""" L EC 2 mig. ]
g- ------------------- EC 1 Imig.
= “Ec2Ran
g 100 EC 1 Rain ]
=
=

s0r ]

Figure 26. Infiltration rate as related to SAR of applied water. Disturbed (laboratory
packed) cores of untreated loam soil.

The ANOVA model F-test values and significance levels (shown in Table 23) confirm a
significant SAR effect in three out of 4 events, respectively. The individual SAR
contrasts suggest that significant differences begin to show up at the SAR= 4 level (using
SAR=2 as a baseline and 90 % confidence limits). However, the power of these tests is
very weak (due to the small sample sizes in this experiment) and thus these contrast tests
do not represent an optimal approach for determining when significant differences occur.
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Figure 27. Inﬁltratlon rate as related to SAR of apphed water Dlsturbed (laboratory
packed) cores of untreated clay soil. '

s

The regression model summary statistics, parameter estimates and t-test results shown in
Table 24 givé a much more clear indicatibnof the degrée of SAR induced &ffects; “These
results indicate that the SAR parameter estimates were always statistically significant
(below ‘the 0. O] level) during both the irrigation water and rain water apphcatlons In all
four cases these estimates are negative, indicating that the ln(lnﬁltratlon) rdtes decreasé
as the SAR levels increase. Note that the rate of reduction (per unit increase in SAR) can
be calculated from these parameter estimates. Note also that the EC parameter estimates
were generally not significant, suggesting that changing the EC from 1 to 2 dS/m did not
51gn1ﬁcantly alter the In(infiltration) rates. The linear regression model:-would predict a
decrease in the infiltration rate at SAR 4 as compared to SAR 2.

Bulk density of undisturbed soil cores

The bulk density was determined on the undisturbed cores used in the faboratory - :
hydraulic conductivity study. As shown in Appendix B there were no clear trends related
to the irrigation water treatments. The loam soil had a decreased bulk density-in the
cropped soil experiment relative to the bare soil experiment; These-différénces'maybe:
attributed to the large number of roots in &ll treatments of the-cropped soil: experlment
However, the clay soil had a slightly higher bulk density in theé cropped experiment.
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‘Table 23. ANOVA model summary statistics and F-test sigﬁiﬁcance levels for both main

effects and specific SAR contrasts for the disturbed soil infiltration experiment

Clay Loam
Statistic Irrigation Rain Irrigation Rain
R-square 0.9007 0.9760 0.9526 0.9362
Root MSE .0.3209 0.1182 0.0423 0.0523
F-test significance levels associated with specific tests:
Overall 0.0969 0.0123 0.00%4 -0.0167
EC 0.1871 0.2985 0.0770 0.2501
SAR 0.0850 0.0093 0.0075 0.0124
F-test significance levels associated with SAR contrasts:
2vs4 0.7108 0.0817 0.5166 0.5298
2vs6 0.4361 0.0588 0.0327 0.0542
2vs8 0.1311 0.0089 0.0101 0.0234
2vs 10 0.0194 0.0019 0.0016 0.0025

Table 24. SAR and EC parameter estimates (with standard errors), corresponding t-test
values and significance levels for the disturbed soil In(infiltration) data (by soil type and

gvent)
Soil-type  Event . R-square Variable Estimate Std.Error Pr>|t]|
Irrigation 0.7762 SAR -0.1719 0.0393 ~ 0.0047
: , EC 0.3847 0.2294 0.1446
Clay Rain 0.8968 SAR -0.1442 0.0200 0.0004
: EC 0.1395 0.1168 0.2773
Irrigation 0.9223 SAR -0.0402 0.0046 0.0001
’ EC 0.0634 0.0259 0.0443
Loam Rain 0.8836 SAR -0.0428 0.0060 0.0002
EC 0.0444 0.0338 0.2297

Alfalfa yield data

The cumulative fresh weight yield as related to irrigation water treatment is presented in

Figure 28 for both the loam and clay soil. Yields were relatively uniform for all

treatments, trending around 150 g/container for the clay soil and 115 g/container for the
loam soil. The lower yield of the loam soil is explained by the lower water holding
capacity of the soil and thus increased water stress caused buy the irrigation regime. As

explained earlier the soil is relatively shallow and thus we irrigated the cropped

containers every 3-5 days. We maximized the interval between irrigations to allow for
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maximum-soil.drying at the surface, and:observed the. alfalfa in the loam containers to. be
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Figure 28. Alfalfa fresh yield data as related to EC and SAR or irrigation water, All plots
had equal quantities of applied water.

We analyzed the total alfalfa yield data from the cropped soil experiment using a 2-way
ANOVA without interaction, where the data were data analyzed separately by soil type.
Table 25 presents the relevant statlstlcal results.

Table 25, ANOVA model summary statistics and F-test significance levels (overall
model effect, EC, SAR, and EC x SAR interaction): 2004 fresh-weight yield data

Statistic Clay Loam

R-square 0.1560 0.0926

Root MSE 17.80 15.36
F-test significance levels associated with specific tests:

Overall 0.5049 ' 0.7806

EC 0.6689 0.9232

SAR 0.1649 0.2239
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It is clear from these ANOVA results that neither the changing EC nor SAR levels
affected the final, fresh-weight crop yields. The lack of a decrease in yield with
increasing SAR indicates that the soil physical properties did not directly impact yield in
this one year experiment. As noted above, we did not see clear trends in the bulk density
as related to water treatments. In this experiment every container received the same
amount of water and water was the yield limiting factor. Under field conditions a
decreased infiltration rate is expected to result in increased surface runoff and decreased
infiltration. Decreased water infiltration will result in decreased yield if the crop is water
limited.

UNSATCHEM computer simulations

The results of the computer simulations of the impact of rain on soil water SAR are
presented in Figures 29 through 32, These simulations utilize the fact that both soils are
calcareous and that the measured CEC of the Glendive loam soil is 58 mmol/kg and that
of the Kobase clay soil 208 mmol/kg. In this analysis we first equilibrated the soils by
irrigating with the EC 1.0 dS/m water and SAR 10 of composition given in Table 1. As
shown in Figure 29 the EC at the surface decreased to below 0.5 dS/m at the surface after
infiltration of 5 cm of rain. The soil water EC is maintained above the rainfall EC (0.016
dS/m) due to calcite dissolution. Calcite dissolution is further enhanced by the exchange
of solution Ca for Na on the exchange sites (thus causing a reduction in the ESP with
time). As shown in Figure 30, the SAR also decreased but is still at SAR=6 at the surface
despite 5 cm of rain. The decrease in SAR is not sufficient to compensate for the decrease
in EC thus the sodium hazard is increased.
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depth 2 jom}

Figure 29. Predicted relationship of EC with depth and quantity of rain infiltrated for
Glendive loam soil, The initial condition was EC=1.0 dS/m and SAR 10. Each curve
represents addition of 1 cm of rain. ‘

{oam Soil EC=1 SAR=10 & cm raln

. depifiz lom)

Figure 30, Predicted relationship of SAR with depth and quantity of rain infiltrated. The
initial condition was EC=1.0 dS/m and SAR-10. Each curve represents addition of 1 cm
of rain, '
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The decrease in EC as related to application of rain is simulated in Figure 31. Note that
the decrease in EC is very similar but slightly less than that observed for the loam soil
(Figure 29). This is caused by the increased dissolution of calcite with increased cation
exchange in the clay soil. Calcite dissolution in the absence of exchange would result in
an EC of about 0.15 dS/m. '

Clay Soil EC=1 SAR=10 5 cm rain

EC dSim

-30

depth z [om)]

-40

50

80T

~70¢

Figure 31, Predicted relationship of EC with depth and quantity of rain infiltrated into the
clay soil. The initial condition was EC=1.0.dS/m and SAR 10. Each curve represents
addition of 1 cm of rain.

As shown in Figure 32, the SAR of the clay soil was only slightly affected by the
infiltration of 5 cm of rain. The higher cation exchange capacity of the clay soil as
comapared to the loam soil means that the soil exchange sites are able to buffer the
solution SAR. The soil surface at the end of the rain event is thus at low EC with almost
no decrease in SAR relative to the irrigation condition.
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Figure 32. Relationship of SAR with-depth'and quantity of rain infiltrated into claysoil.
The initial condition was SAR=10. Each curve represents addition of 1 cm of rain. -

Conclusions

The increase in SAR of the irrigation water had an adverse impact on water infiltration
for both the cropped and bare (uncropped) soils. For the bare clay soil even an increase
from SAR 2 to SAR 4 resulted in a significant increase in infiltration time (decrease in
infiltration rate), while for loam soil the increase in infiltration time was significant at the
SAR 6 level. For cropped soil the variance was higher and differences were statistically
significant at SAR 6 when paired tests were made, However, the fitted regression model
showed decreases in infiltration are predicted for both bare and cropped clay soil and for
cropped loam soil as the SAR increased from 2 to 4. For bare loam soil the model was
non linear and the decrease in infiltration rate starts above SAR 4.

The decreased infiltration rate in the field can be expected to result in increased surface
runoff and thus decreased availability of water to the crop. In conditions where water is
limiting, this may result in decreased crop yield. The lack of an adverse impact of
irrigation water SAR on yield in the present experiments is likely the result of having
confined containers, where the total water infiltrated must be constant for all treatments.

The laboratory measurements of saturated hydraulic conductivity of undisturbed bare soil

cores taken from the infiltration experiment also showed a trend of decreasing hydraulic
conductivity with increasing SAR. The trend was statistically significant for the loam soil
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but not the clay soil. The adverse impacts were statistically significant in bare loam soil
when increasing from SAR 2 to SAR 6 for both rain and irrigation water.

For cropped soil the changes in hydraulic conductivity as related to SAR were significant
for loam soil under both irrigation and rain. The linear regression model predicts
decreases in hydraulic conductivity as the SAR is increased from 2 to 4. The SAR trends
were not significant for clay soil, due in part to increased variance. The ability to detect
changes in SAR is limited by the experimental uncertainties.

Replicated disturbed soil cores under saturated conditions provide information
comparable to more time consuming field infiltration studies. Adverse impacts of SAR
on infiltration were statistically significant when increasing SAR from 2 to 6 for loam
soils with both irrigation water and rain water and clay soils with rain water.
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Appendix A; 2003 & 2004 Experimental Data

Experimental Data: Bare soil (2003)

Sampling Rain ) Infiltration time (3 reps)
Obs Period pass So0il type . EC SAR yi. v2 . y3
1 1 7 Loam 1 2 72.0 -51.0 27.0
2 1 7 Loam 1 4 39.0 92,0 28.0
.3 1 7 Loam 1 .6 851.0 69.0 115.0
4 1 7 Loam 1 8 71.0 115.0 136.0
5 1 7 Loam 1 10 39.0 21,0 135.0
6 1 7 Loam .2 2 22.0 91,0 28,0
7 1 7 Loam 2 4 41.0 28,0 28.0
8- 1 7 Loam -2 6 72.0Q 28,0 71.0
9 1 7 Loam 2 8 70.0 92.0 114.0
10 1 7 Loam 2 10 71.0 72,0 69.0
11 1 7 Clay 1 2 153.0 136.0 22.0
12 1 7 Clay 1 "4 152.0 162.0 137.0
13 1 - T Clay 1 6 154,0 206.0 136.0
14 1 7 Clay 1 8 152.0 153.0 1l66.0
15 1 7 Clay 1 10 201.0 152,0 152.0
16 1 7 Clay 2 2 70.0 71.0 92,0
17 1 7 Clay 2 4 137.0 92,0 136.0
18 1 7 Clay 2 3 92.0 166.0 155.,0
19 1 7 Clay 2 8 168.0 91,06 . 152.0
20 1 7 Clay 2 10 155.0 153.0 155.0
21 2' 5 Loam 1 2 24.0 12.0 14,0
22 2 5 Loam 1 4 25.0 24.0 23.0
23 2 5 Loam 1 6 25.0 - 25,0 21.0
24 2 5 Loam 1 8 37.0 38.0 56.0
25 2 5 Loam 1 10 25.0 60.0 36.0
26 2 5 Loam 2 2 10.0 11,0 10.0
27 2 5 Loam 2 4 10.0 5,0 11.0
28 2 5 Loam 2 6 24.0 25.0 23.0
29 2 5 Loam 2 8 26.0. 25.0 36.0
30 2 5 Loam 2 10 24.0 31.0 31.0
31 2 5 Clay 1 2 37.0 48.0 58.0
32 2 5 Clay Tl 4 58.0 48.0 57.0
33 2 5 ‘Clay i 6 37.0 49.0 49.0
34 2 5 Clay 1 8 67.0 59.0- 50.0
35 2 5 Clay 1 10 81.0 81.0 67.0
36 2 5 Clay 2 2 48.0 50.0 36.0
37 T2 5 Clay 2 4 49.0 56.0 48.0
38 2 5 Clay 2 6 49.0 58.0 8l.0
39 .2 5 Clay 2 B 66.0 66.0 49.0
40 2 5 Clay 2 10 80.0 80,0 50.0
41 3 4 Loam 1 2 B.2 4.5 9.5
42 3 4 Loam 1 4 10.5 7.7 9.7
43 3 4 Loam 1 6 17.8 17.0 32.7
44 3 4 Loam 1 8 19,2 20.2 17.3
45 3 4 Loam 1 10 30.5 16.5 18.5
46 3 4 Loam 2 2 6.9 18.4 6.7
47 3 4 Loam 2 4 5.5 4,0 9.5
48 3 4 Loam 2 3 21.2 10.0 8.5
43 3 4 Loam 2 B 17.7 21.5 17.4
50 3 4 Loam 2 10 12.1 12.5 17.0
51 3 4 Clay 1 2 32.0 30.5 . 5.4
52 3 4 Clay 1 4 32.5 30.5 31,2
53 3 4 Clay 1 [ 19.5 19.0 29,0
54 3 4 Clay 1 8 32.5 38.2 38.0
55 3 4 Clay 1 10 28.6 38.3 32.0
56 3 4 Clay 2 2 16,2 20.0 16.7
57 3 4 Clay 2 4 15.0 30.6 30.0
58 3 4 Clay 2 6 6.0 38.0 37.7
59 3 4 Clay 2 -8 19.6 18.5 18.3
60 3 4 Clay 2 10 30.5 18.9 32,5
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Sampling Rain Infiltration time (3 reps)

Obs Period pass Soiltype EC SAR y1 y2 y3

61 4 8 Loam 1 2 24.0 20.0 22,0

62 4 8 Loam 1 4 25.0 23.0 33.0

63 4 8 Loam 1 6 29.0 33.0 50.0

64 4 8 Loam 1 8 65.0 50.0 78.0

65 4 8 Loam 1 10 47.0 83.0 87.0

66 4 8 Loam 2 2 27.0 15.0 37.0

67 4 8 Loam 2 4 30.0 20.0 31.0 .
68 4 8 Loam 2 6 26.0 36.0 21.0 5
69 4 8 Loam 2 8 35.0 50.0 32.0 i
70 4 8 Loam 2 10 93.0 50.0 90,0 !
71 4 8 Clay 1 2 18.0 29.0 24.0 i
72 4 8 Clay 1 4 10.0 48,0 37.0 ;
73 4 8 Clay 1 6 §3.0 60.0 14.0 N :
74 4 8 Clay 1 8 67.0 80.0 81.0 :
75 4 8 Clay 1 10 85.0 50.0 75.0

76 4 8 Clay 2 2 28.0 43.0 43.0

77 4 8 Clay 2 C 4 58.0 70.0 55.0

78 4 8 Clay 2 6 17.0 40.0 29.0

79 4 8 Clay 2 8 49.0 60.0 76.0

80 4 8 Clay 2 10 65.0 75.0 24.0

81 5 4 Loam 1 2 10.0 13.0 13.0

82 5 4 Loam 1 4 16.0 11.0 13.0

83 5 4 Loam 1 6 16,0 20,0 5.0

84 5 4 Loam 1 8 23.0 23.0 25.0

85 5 4 Loam 1 10 27,0 24.0 24,0

86 5 4 Loam 2 2 10.0 6.0 9.0

87 5 ¢ Loam 2 4 10.0 8.0 9.0

88 5 4 Loam 2 6 17.0 15.0 11.0

89 5 4 Loam 2 8 19.0 17.0 16.0

90 5 4 - Loam 2 10 28.0 10.0 20.0

91 5 4 Clay 1 2 20.0 15.0 25.0

92 5 4 Clay 1 4 23,0 20.0 30.0

93 5 4 Clay 1 6 23.0 23.0 7.0

94 5 4 Clay 1 8 17.0 7.0 25.0

95 5 4 Clay 1 10 15.0 23.0 28.0

96 5 4 Clay 2 2 18.0 17.0 16.0

97 5 4 Clay 2 4 17.0 16.0 30.0

98 5 4 Clay 2 6 17.0 30.0 12.0

99 5 4 Clay 2 8 23.0 18.0 24,0

100 5 4 Clay 2 10 15.0 24.0 24.0

101 6 7 Loam 1 2 10.0 7.0 10.0

102 6 7 Loam 1 4 9.0 12.0 12.0

103 6 7 Loam 1 6 20.0 . 20.0 20.0

104 6 7 Loam 1 8 30.0 30.0 31.0

105 6 7 Loam 1 10 30.0 29.0 31.0

106 6 7 Loam 2 2 5.0 7.0 * 9.0

107 6 7 Loam 2 4 10.0 7.0 9.0

108 6 7 Loam 2 6 20,0 20.0 20.0

109 6 7 Loam 2 8 30.0 35.0 30.0

110 3 7 Loam 2 10 . 43.0 43.0 32.0

111 3 7 Clay 1 2 60.0 60.0 75.0

112 6 7 Clay 1 4 95.0 95.0 110.0

113 6 7 Clay 1 6 130.0 130.0 ©  61.0

114 6 7 Clay 1 8 110.0 110.0 130.0

115 6 7 Clay 1 10 130.0 130.0 160.0

116 6 7 Clay 2 2 61.0 60.0 60.0

117 6 7 Clay 2 4 95.0 95.0 75.0

118 6 7 Clay 2 6 130.0 160.0 130.0

119 6 7 Clay 2 8 95.0 255.0 160.0

120 6 7 Clay 2 10 240.0 275.0 180.0
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Sampling  Rain Infiltration time (3 reps)

Obs Period pass Soiltype EC SAR yi y2 y3
61 2b 12 Loam 1 2 15.0 20 25.0
62 2b 12 Loam 1 4 25.0 17 25.0
63 2b 12 Loam 1 6 25.0 .25 17.0
64 2b 12 Loam 1 8 25.0 25 25.0
65 2b 12 Loam 1 10 25.0 25 25.0
66 2b 12 Loam 2 2 15.0 25 20.0
67 2b 12 Loam 2 4 15.0 25 25,0
68 2b 12 Loam 2 6 17.0 25 17.0
69 2b 12 Loam 2 8 25,0 25 15.0
70 2b . ‘12 Loam 2 10 17.0 25 25.0
71 2b 12 Clay 1 2 6.0 2 6.0
72 2b 12 Clay 1 4 15.0 25 17.0
73 2b 12 Clay 1 6 15.0 17 14.0
74 2b 12 Clay 1 8 6.0 17 25,0
75 2b 12 Clay 1 10 14,0 25 15.0
76 2b 12 Clay 2 2 2.0 25 2.0
77 2b 12 Clay 2 4 25.0 14 6.0
78 2b 12 Clay 2 6 15.0 19 2.0
79 2b 12 Clay 2 8 15.0 14 30.0
80 2b 12 Clay 2 10 6.0 25 4.0
81 3a 12 Loam 1 2 20.0 20 10.0
82 3a 12 Loam 1 4 20.0 15 20.0
83 3a 12 Loam 1 6 20.0 20 20.0
84 3a 12 Loam 1 8 20.0 20 20.0
85 3a So12 Loam 1 10 20.0 20 20.0
86 3a 12 Loam 2 2 15.0 15 30.0
87 3a 12 Loam 2 4 20.0 20 20.0
88 3a 12 Loam 2 6 20.0 20 20.0
89 3a 12 Loam 2 8 20.0 20 20.0
90 3a . 12 Loam 2 10 20.0 20 20.0
91 3a 12 Clay 1 2 30.0 5 20.0
92 3a 12 Clay 1 4 30.0 50 30.0
93 3a 12 Clay 1 6 30.0 30 30.0
94 3a 12 Clay 1 8 20.0 50 50.0
95 3a 12 clay 1 10 20.0 50 20.0
96 3a 12 Clay 2 2 10.0 20 5.0
97 3a 12 Clay 2 4 30.0 20 20.0
98 3a 12 Clay 2 6 50,0 30 20.0
99 3a 12 Clay 2 8 30.0 50 50.0

100 3a T 12 Clay 2 10 30,0 . 20 20.0
101 3b 12 Loam 1 2 10.0 10 10.0
102 3b- 12 Loam 1 4 10.0 10 10.0
103 3b 12 Loam 1 6 10.0 10 10.0
104 3b 12 Loam 1 8 10.0 10 10.0
105 ib 12 Loam i 10 10.0 10 10.0
106 3b 12 Loam 2 2 10.0 10 6.0
107 3b 12 Loam 2 4 10.0 10 10.0
108 3b 12 Loam 2 6 10.0 10 6.0
109 3b . 12 Loam 2 8 10.0 10 10.0
110 3b 12 Loam 2 10 10.0 10 20.0
111 3b 12 Clay 1 2 10.0 5 20.0
112 3b 12 Clay 1 4 20.0 20 85.0
113 3b 12 Clay 1 6 10.0 - 5 90.0
114 3b 12 Clay 1 8 20.0 85 45.0
115 3b 127 - Clay 1 10 20.0 30 95.0
116 3b 12 Clay 2 2 20,0 10 5.0
117 3b 12 Clay 2 4 5.0 10 30.0
118 3b 12 Clay 2 6 95.0 95 10.0
119 3b 12 Clay 2 8 95.0 60 95.0
120 3b 12 Clay 2 10 50.0 95 95.0

58



|

"Obs

121
122
123
124
125
126
127
128
129
130
131
132
133
134
136
136
137
138
1359
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
- 158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

Sampling
Period

4a
aa
43
43
4a

4a -

4a

" 4a

ia
4a
4a
4a
4a
4a
4a
4a
4a
4a

Soiltype

Loam
Loam
Loam

- Loam

Loam

‘Loam

Loam

‘Loam

Loam
Loam
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Clay

.Clay

Loam
Loam
Loam
Loam
Loam
Loam
Loam
Loam
Loam
Loam
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Loam
Loam
Loam
Loam
Loam
Loam
Loam
Loam
Lioam
Loam
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Clay

Infil

g

-
2 e

OODAHADNOCOANADNOCOIARNODARNOOTADNODABNODIABRNODADNODAPNODARNOETOADNO®DN® N
=

[

o = = = = = = [ H

NMNOVMNNFRREPEBSSUONVMNOVDNNFRFRERHEEROUONNMONEFHERPRBUONNNMMEPERFREESENNNNMOONODPE S HBENNNNNRD S (3 s

(%}

¥

ey

b te -
o' 0B o o

=

cOoocoDoBPo o0 oD

30.0
27.0
26.0
24.0
25,0
32.0
65,0
37.0
43.0
12.0

154.0

2,1
11.0
11.0
43.0
74.0

[}

N N e e T

ISR SIS

ration time (3 reps)

v3

e

B

BB DR BRERADMRODVEANOOGOEWOaWm
j=RolcllelelellolelollelelellelNeNoNsRelelNo e N

]

ey

P e
oW -1 W\
ooo

18,0
12.0
'14.0
17.0
14.0
17.0
14.0
28.0
70.0
45.0
$0.0
19.0
38.0
35.0
140.0
80.0
23.0
24.0
29.0
26.0
27.0
26.0
24.0
27.0
26.0
26.0
5.4
16.0
154.0
65.0
84.0
138.0
125.0
201.0
211,0
79.0




Sampling Rain Infiltration time (3 reps)

Obs Period pass Soiltype EC SAR vyl y2 y3
181 Sb 18 Loam 1 2 7 5.0 5 5.0
182 5b 18 Loam 1 4 10.0 12 5.0
183 sb 18 Loam 1 13 10.0 10 5.0
184 5b 18 . Loam 1 8 6.0 10 10.0
185 sb 18 Loam 1 10 10.0 7 10.0
186 5b 18 Loam 2 2 5.0 7 5.0
187 Sb 18 Loam 2 4 - 5,0 20 5.0
188 5b 18’ Loam 2 6 5.0 15 5.0
189 5b 18 Loam 2 8 15,0 10 10.0
190 sb 8 . Loam 2 10 20,0 18 30.0
191 5b .18 Clay 1 2 125.0 210 195.0
192 sb . 18 Clay 1 4 345.0 315 10.0
193 sb 18 Clay 1 6 345.0 15 125.0
194 5b 18 Clay 1 8 375.0 375 375.0
195 5b 18 Clay 1 10 315.0 375 345.0
196 5b 18 Clay 2. 2 125.0 285 70.0
197 5b 18 Clay 2 4 5.0 165 165.0
198 5b 18 Clay 2 6 125.,0 315 195.0
199 5b 18 Clay 2 8 10.0 285 225.0
200 5b 18 Clay 2 10 125.0 5 375.0
201 ga 12 Loam 1 2 27.0 25 14.0
202 6a 12 Loam 1 4 26.0 14 24.0
203 6a 12 Loam 1 6 25.0 26 28.0
204 6a 12 Loam 1 8 27.0 27 25.0
205 6a 12 Loam 1 10 24.0 25 26.0
206 6a 12 Loam 2 2 25.0 21 25.0
207 6a 12 Loam 2 4 14.0 25 25.0
208 6a 12 Loam 2 6 28.0 25 29.0
209 6a 12 Loam 2 8 25.0 27 26.0
210 6a 12 Loam 2 10 27.0 27 28.0
211 6a 12 Clay 1 2 80.0 80 40.0
212 6a 12 Clay 1 4 170.0 140 60.0
213 6a 12 Cclay 1 3 70.0 90 . 140.0
214 6a 12 Clay 1 8 170.0 220 215.0

. 215 6a 12 Clay 1 10 140.0 215 150.0
216 6a 12 Clay 2 2 70.0 95 80.0
217 6a 12 Clay 2 4 70.0 80 80.0
218 6a 12 Clay 2 6 70.0 140 80.0
219 6a 12 Clay 2 8 95.0 155 220.0
220 6a 12 © Clay 2 10 140.0 70 230.0
221 &b 12 Loam 1 2 10.0 3 10.0
222 6b 12 Loam 1 4 3.0 20 20.0
223 6b 12 Loam 1 6 20.0 25 9.0
224 6b 12 Loam 1 8 20.0 20 3.0
225 6b 12 Toam 1 10 30.0 20 10.0
226 6b 12 Loam 2 2 20.0 3 20.0
227 6b 12 Loam 2 4 15.0 20 20.0
228 6b 12 Loam 2 6 15.0 20 20.0
229 6b 12 Loam 2 8 10.0 20 20.0
230 6b 12 Loam 2 10 20.0 20 20.0
231 6b 12 Clay 1 2 3.0 3 7.0
232 . &b 12 Clay 1 4 3,0 3 7.0
233 &b 12 Clay 1 6 3.0 7 10.0
234 6b 12 Clay 1 8 7.0 20 15.0
235 &b 12 Clay 1 10 3.0 25 3.0
236 6b 12 Clay 2 2 3.0 7 3.0
237 6b 12 Clay 2 4 7.0 3 3.0
238 &b 12 Clay 2 6 7.0 7 3.0
239 &b 12 Clay 2 8 3.0 15 30.0
240 &b 12 Clay 2 10 3.0 7 7.0
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"Appendix.B

Undisturbed core bulk density, g cm®

Loam ' rep 1 rep 2 rep3 ° ave  loam  rep1 Tep2 . ,rep3 .. ave
2003 2004
R . b
EC SAR _ _
1 2 1,41 1.39 1.39 1.40° .38 .34 1.37-
R 4 1.40 1.42 1,38 1.40 . 1.33 .33 7 1.31
at 1. 6 1,40 1.41 1.44 1,41 ’ 1.34 1.37 1.35
1 8 1:42 1.40 1,44 1,42 137 - 1.81 1.38
1 10 1.48 1.43 1.43 1,43 1.35 1,34 1.36
2 2 1,39 1.40 1.39 1.39 1.38 1.87 1.83
2. 4 1,40 1.38 487 1.38 1.33 1.33 1,35
2. 8 1.41 1.36 1.86 1,38, 1.36 1,34 . 139
L 2 8 1.38 1.29 1.38 1,39 ' 1.35 1,35 « 1.35
2 10 1.35 1.85 1.41 1.37 1.37 1.36 1.35
control 142 138 136 1.8 13 1.3 137 136
- A
Clay : rep 1 rep 2 rep 3 ave Clay rep 1 rep2 - repB ave
2003 2004
EC.  SAR _ » e .
A 2 1.23 1.18 1.18 1,20 1.25 132 . 128 1.28
1 4 126 © 1.22 1.26 1.25 ' 1.24 117 . 1.32 1.24
1 5 1.18 1.23 1.19 1.20 1.22 1.18 1.22 1.21
1 8 117 117 1.18 1.17 1.27 1,27 131 - 428
1 10 1.20 117 1.19 1.19 425 1.18 128 7 02
2 2 1.30 1.24 132 1.29
2 4 1.31 1.26 1.30 1.29
2 6 1.29 1.30 1.32 1.30
2 B 1.23 1.25 131 126
2 10 1,31 1.32 1.30 1,31
contro} 1.24 1.26 1.20 - 1.28
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Appendix C

Montana Undisturbed Core Data

Hydraulic conductivily, cm/day

2003 rep 1
SAR
EC 1 2 127.20
sand 4 133.68
Irrig 6 64.32
8 45.60
10 31.68
EC 2 2 207.84
sand 4 124.32
Irrig 6 127.44
<] 83.52
10 81.60
EC1 2 B4.96
sand 4 126.00
Rain 6 66.48
8 49,68
10 28.32
EC2 2 154,08
sand 4 84,72
Rain 8 81.12
8 41.04
10 30.24
CONsand lIrrig 122.88
CONciay lrrig 0.470
2003
EC1 2 1.89
clay 4 1.27
irrig 6 0.96
8 7.81
10 1.68
EC2 2 1.87
clay 4 0.22
lrrig 6 0.01
B 4.94
10 1.27
EC1 2 Q.78
clay 4 0.44
Rain 6 0.03
8 0.63
10 0.08
EC2 2 3.64
clay 4
Rain 6
8 3.71
10 0.08
CONsand Rain 81.36
CONclay Rain

{Vaiues in flalics omitled from graphs bul inciuded in statistical analysis)

rep2

108.86
70.32
85.20
63.12
74,88

220.80
178.56
159.12
121.68

93.84

104.64
61,68
59,04
47.52
61.68

174.00
128,12
76.08
58,08
41,28

124.56
0.080

0.04
573
0.19
0,05
3.25

12.256
0.74
5.158
0.02
1.83

0.00

0.74.

0.02
0.04
0.68

0.67
2.06
1.64
0.02
0.08

103.44
0.04

rep 3

79.44
114.48
54.24
51.36
55,20

106.08
165.36
157.68
199.68

86.40

78.24°

89.28
41,76
58,08
46.56

75.60
115.44
89.60
75.36
39,12

140.16
43.100

0.05
1.40
5.72
0.44
0.05

6.81
9.94
3.72
5,28
1.18

0.03
0.48
0.88
0,07
0.01

0.35
0.98
0.92
0.5
0.29

129.12
2.50

ave

106,20
106.16
67.92
53.36
53.82

178.24
156.08
148.08
134.96

87.28

89.28
92.32
56.76
51.76
45.52

134.56
107.76
85.60
58.16
36.88

129.20
14,550

0.66
2.80
2,29

277 .

1.66

6.58
3.63
2,96
3.41
1.33

0.27
0.65
0.31
0.24
0.26

1.55
1.01
0.85
1.43
0.13

104.64
0.85

2004

EC1
sand
Irtig

EC 2
sand
Irrlg

EC1
sand
Rain

EC2
sand
Rain

CONsand Irrig
CONciay Irrig

2004

EC1
clay
Irrig

EC2
clay
lrrig

EC1
clay
Rain

EC2
clay
Rain

CONsand Rain
CONclay Rain

Hydraulic conductivity, cm/day

rep 1

2 23.28
4 19.44
6 14.40
8 17.28
10 15.84

186.32
69.12
39,12
46.56
27.80

AN

-

15.80
7.92
7.44

12.48
4.56

OO DHMN

-

11.52
54,72
16.80
18.72
12.24

[N I N N

-

18.20
1.20

13.49
0.74
6.28
6.65

-
oo OmAN odmaN

-

6.00
1.37
0.60
1.88
2.38

-
OOdD AN oOwo NN

c

13.68

7.22

rep 2

66.48
68,16
14.64
26,88
18.72

66,48
95,52
76.32
48.00
24.96

37.82
31.82
6,52
9.84
7.92

51.84
92,40
46.08
23,52
16.32

24.96
0.89

2.06
22,92
6.26
0.86
2.45

0.77
2.10
1.68
0.53
0.91

16.36

rep 3

10.80
44.88
40.56

7.92
18.20

65.04
47.52
40.08
57.84
33.60

6.48
21.12
16,12

5.28
25.20

32.64
20.40
25.68
31.82
18.96

30.72
0.00

1.78
2.09
3.17
0.79
1.87

0.86
1.08
1.13
0.50
0.62

18.68

ave

33.82
44.18
23.20
17.36
17.82

49.28
70.72
51.84
50.80
28,72

20.00
20.32
9.36
9.20
12.56

32.00
55,64

‘ 20.52

24.72
15.84

24,98
0.70

578
8.58
5.24
277
3.85

2,54
3.84
1.14
1.01
1.30

16.24

62



